Turning solar energy into a clean, practical alternative power source will require new types of devices that generate electrical power directly from solar irradiation with high efficiency and at low cost. Recent studies report solar cells based on materials known as organometal halide perovskites that have promising photovoltaic efficiencies. 1-5 These devices employ a submicron, crystalline, and well-oriented thin film of organolead iodide perovskite as the light absorber (or as both light absorber and carrier conductor) deposited on the surface of meso (i.e., 1-1000nm)-structured titanium dioxide (TiO 2 ) or aluminum oxide layers through a simple spin-coating process. 1, 4 The function of methylammonium lead iodide (CH 3 NH 3 PbI 3 ) perovskite is akin to that of the 'electron donor' material in donor-acceptor polymer/organic planar-and bulkheterojunction solar cells (i.e., PHJs and BHJs, two typical configurations of these types of cells). Accordingly, we propose depositing or growing a thin layer of acceptor material on CH 3 NH 3 PbI 3 perovskite film to create a donor-acceptor contact interface for charge separation, in which the hybrid CH 3 NH 3 PbI 3 perovskite/acceptor PHJ yields the photovoltaic effect under irradiation.
Turning solar energy into a clean, practical alternative power source will require new types of devices that generate electrical power directly from solar irradiation with high efficiency and at low cost. Recent studies report solar cells based on materials known as organometal halide perovskites that have promising photovoltaic efficiencies. [1] [2] [3] [4] [5] These devices employ a submicron, crystalline, and well-oriented thin film of organolead iodide perovskite as the light absorber (or as both light absorber and carrier conductor) deposited on the surface of meso (i.e., 1-1000nm)-structured titanium dioxide (TiO 2 ) or aluminum oxide layers through a simple spin-coating process. 1, 4 The function of methylammonium lead iodide (CH 3 NH 3 PbI 3 ) perovskite is akin to that of the 'electron donor' material in donor-acceptor polymer/organic planar-and bulkheterojunction solar cells (i.e., PHJs and BHJs, two typical configurations of these types of cells). Accordingly, we propose depositing or growing a thin layer of acceptor material on CH 3 NH 3 PbI 3 perovskite film to create a donor-acceptor contact interface for charge separation, in which the hybrid CH 3 NH 3 PbI 3 perovskite/acceptor PHJ yields the photovoltaic effect under irradiation.
Several studies have reported that a thin layer of crystalline CH 3 NH 3 PbI 3 perovskite is easily prepared by spin-casting a solution of equimolar CH 3 NH 3 I and PbI 2 (precursor solution) on the substrate. [4] [5] [6] However, the process of crystal growth can coarsen the film and markedly degrade device performance or result in device failure. To ensure rapid solvent evaporation and, therefore, inhibit crystal coarsening, we preheated the substrate at an elevated temperature of 60
• C for 5min and cast the precursor solution at a high spinning speed of 6000rpm. the near-IR region, indicating the formation of CH 3 NH 3 PbI 3 perovskite on the substrate. Depositing a thin acceptor layer, such as fullerene (C 60 / or a C 60 derivative, on top of the film creates a donor-acceptor interface for charge separation. A thin bathocuproine (BCP) film is an exciton (coupled electron-hole pair)-or hole-blocking layer that, combined with an aluminum (Al) layer, acts as the negative electrode. Figure 3 Figure  5 (b). Note that the films shown in Figure 5 are not morphologically ideal, yet the film's topography as seen by the naked eye is still smooth and reflective: see Figure 2 (b). Film prepared using DMF solution has a relatively higher contact area in PHJ and channels formed by interconnected crystalline strips that are suitable for transporting charge carriers. 7 In conclusion, we have reported a device made of CH 3 NH 3 PbI 3 perovskite film spin-cast from DMF solution with a respectable PCE of 3.9%. Applying acceptors of varied LUMO energy levels modulates the magnitude of V OC and PCE. We believe this progress represents a new concept for the design of ultrathin excitonic photovoltaic devices. Our approach greatly simplifies fabrication of all-solid-state, hybrid CH 3 NH 3 PbI 3 perovskitebased solar cells that perform acceptably without having to resort to TiO 2 nanosheets or meso-superstructured metal oxide layers and additional hole-transport layers. This alternative might prevent the pore-filling or reproducibility issues of mesoscopic junction devices.
Continued on next page
Our current efforts are focused on fabricating CH 3 NH 3 PbI 3 perovskite/C 60 or C 60 -derivative PHJ solar cells at relatively low temperatures on ITO-patterned plastic substrates, for potential use in flexible, lightweight, portable devices. Adjusting the solvent, solution concentration, preheating temperature, or synthesizing new perovskite-based materials will make it possible to optimize the thickness, morphology, and topography of an ideal CH 3 NH 3 PbI 3 perovskite film to further enhance photovoltaic performance for real-world applications. 
